Abstract. Numerous factors, including trauma, tumors and myophagism, may lead to tongue defects, which are mostly repaired via muscular flaps. However, these methods cannot restore the muscular function and gustation function of the tongue. Intensive research on tongue development may offer useful clues for tongue regeneration based on tissue engineering or stem cell therapy. In the present study, staining results revealed that tongue muscle fibers became larger, mature and stronger, and the foliate and fungiform papillae also became mature from newborn to adult C57BL/6J genetic background mice. Immunofluorescence staining and polymerase chain reaction results revealed that C-kit was dynamically expressed in muscle cells, as well as in foliate and fungiform papilla cells from newborn to adult stages. The expression level decreased from P1 to P15 and increased at P90. The immunofluorescence staining results revealed that Ki-67 was expressed in muscle cells and papilla cells from newborn to adult stages, and high expression was observed at P6 and P15. In addition, the immunofluorescence staining results also demonstrated that msh homeobox 2 (Msx2) was dynamically expressed in postnatal tongue muscle cells; however, almost no expression was detected in papilla cells. There was relative high expression level of Msx2 at P1 and P6 stages, but this gradually decreased from P15, and it was expressed primarily in the muscle cells located in the marginal zone of the tongue at P90. These findings suggest that the amount of c-kit-expressing precursor cells in tongue muscle and papilla cells increases to promote tongue development at the early postnatal stage and to maintain homeostasis and functional adaptation of the tongue in the adult stage. Furthermore, Msx2 may serve an important role in postnatal tongue muscle development. The present study also suggests that C-kit and Msx2 may be used as cell markers for postnatal tongue regeneration and self-repair, and may provide an approach for developing treatment methods for tongue diseases with a postnatal onset.
Introduction
Normal tongue development has a crucial role in craniofacial development, particularly for jaw and palate development (1) . Tongue primordium is comprised of mesenchyme cells derived from cranial neural crest cells (CNCCs), ectoderm-derived lingual epithelium in the distal portion and the endoderm-derived proximal portion (2) . The myoblasts migrated from the occipital somites surround the CNCCs during the process of tongue development (2) . Core myogenic regulators, such as MyoD, myogenic factor (Myf)5 and Myf6 (also known as MRF4) have important roles in tongue muscle development (3) . However, the tongue muscle also exhibits unique characteristics that are distinct from those of other skeletal muscles, and different regulatory mechanisms may be in place. Previous studies demonstrated that transforming growth factor β1, Smad4 and fibroblast growth factor 6 signaling pathways regulate myogenic differentiation and myoblast fusion during tongue development (2, 3) . It should be noted that most previous studies focused on embryonic development of mice tongues, whereas the postnatal development of the tongue has remained to be fully explored. However, the onset of numerous tongue diseases, such as geographic tongue and fissured tongue, have a postnatal onset, and numerous factors, including trauma and tumors, may lead to postnatal tongue defects (4). Thus, intensive research on tongue development may offer useful clues for better understanding the possible mechanisms of tongue disease, and provide novel approaches for tongue regeneration. The present study performed a histological analysis of the postnatal development of mouse tongues with the aim of identifying possible regulatory mechanisms underlying postnatal tongue development.
Materials and methods
Animals. C57BL/6J genetic background mice were obtained from Shanghai SIPPR-Bk Lab Animal Co., Ltd. (Shanghai, China). A total of 3 maternal mice (12 weeks old; 22-24 g) were used to obtain newborn mice in the present study. All experimental animal protocols were reviewed and approved by the Ethics Committee of Linyi People's Hospital (Linyi, China). Mice lived in a specific pathogen-free animal room with a temperature of 22˚C, and a 12-h light/dark cycle. The development time of the mouse embryos was calculated with the day of vaginal plug detection designated as E0.5. At every time-point, the nodes of fifteen tongues were harvested at room temperature for 60 min, followed by development using a diaminobenzidine staining kit (KIT-5905; Maixin, Fuzhou, China) for 3-5 min at room temperature. Finally, the slices were counterstained with hematoxylin at room temperature for 1 min, and mounted with resinous mounting medium for observation and capturing of images.
Immunofluorescence staining. Slices of tongue samples of P1, P3, P6, P10, P15 and P90 mice were prepared as described above. Then sections were incubated with primary antibody to msh homeobox 2 (Msx2; ab223692; Abcam; 1:150 dilution) overnight at 4˚C. Subsequently, the slices were washed with PBS and incubated with secondary antibody (Alexa Fluor 488-conjugated donkey anti-rabbit; A-21206; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) at a dilution of 1:500 for 45 min at 37˚C, and were counterstained with DAPI. Finally, the slices were mounted with glycerinum mounting medium for observation and image capturing under a fluorescence microscope.
Reverse-transcription quantitative polymerase chain reaction (RT-qPCR).
For RT-qPCR analysis, the anterior mouse tongues were dissected and the total RNA was isolated using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The total RNA was converted to complementary DNA according to the instructions of the Prime Script-RT reagent kit (RR037A; Takara Bio, Inc., Otsu, Japan). qPCR was performed using the SYBR-Green system (DRR041A; Takara Bio, Inc.) in a total volume of 20 µl with the MyiQ Single-Color Real-Time PCR Detection System (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The expression of c-kit relative to β-actin and calculated using the 2 -ΔΔCq method (5) with normalization to the expression levels at P15. Each qPCR reaction was repeated three times. The primers for c-kit and β-actin were identical to those used in a previous study (6) .
Statistical analysis.
Values are presented as the mean ± standard deviation. The statistical analysis of the qPCR results was performed using SPSS v.16 software (SPSS, Inc., Chicago, IL, USA). Analysis of variance followed by a post-hoc multiple comparisons test (Duncan's test) was used to compare the results between different groups. P<0.05 was considered to indicate a statistically significant difference.
Results
Histological structures of postnatal mouse tongues. The H&E staining results indicated that the tongue muscle fibers of the mice became larger, mature and stronger during the development from newborn to adult, and an increased amount of adipose tissues surrounded the tongue muscle in adult mice. The foliate and fungiform papillae also became mature, but the foliate papillae gradually decreased from newborn to adult mice (Fig. 1) .
Expression of C-kit and Ki-67 in postnatal mouse tongues.
Immunohistochemical staining results demonstrated that C-kit, a marker of mesenchymal progenitor cells, was expressed in muscle cells as well as in foliate and fungiform papilla cells. The expression was weaker in foliate papilla and fungiform papilla cells when compared with that in muscle cells. The expression of C-kit in muscle and papilla cells was gradually downregulated from the newborn to the adult stage, but was markedly increased at P90 (Fig. 2) . The qPCR results also demonstrated that c-kit mRNA levels displayed dynamic changes during postnatal development of the tongue, as they were decreased from P1 to P15, but then increased at P90 (Fig. 3 ). Duncan's multiple range test indicated that the expression levels of c-kit exhibited no significant difference between the P1 and P3 stage, or between the P6 and P10 stage, whereas they differed significantly between the any other two stages (P<0.05; Fig. 3 ). These results implied that at the early postnatal stage, c-kit expression and the amount of c-kit-expressing cells was higher to promote tongue development, and in the adult stage c-kit was expressed to maintain the homeostasis and functional adaptation of the tongue.
The immunohistochemical staining results also indicated that Ki-67, a marker of cell proliferation, was expressed in muscle cells and papilla cells from the newborn to the adult stage, with relatively higher expression level at P6 and P15, suggesting increased cell proliferation at this stage (Fig. 4) .
Expression of Msx2 in postnatal mouse tongues.
Msx2, a homeobox transcription factor, has a crucial role in vascular smooth muscle and skeletal muscle development. The present study aimed to explore the expression of Msx2 in the tongue muscle. The immunofluorescence staining results indicated that Msx2 was expressed in postnatal tongue muscle cells, but almost no expression was present in papilla cells. In addition, there was relatively high expression level at the P1 to P6 stage, which gradually decreased from P15 (Fig. 5) .
Discussion
During the embryonic development of the mammalian tongue, early tongue movement is adapted for certain functional activities, including suckling, swallowing and chewing. During postnatal stages, the tongue also continually develops, the tongue size increases and the papilla become mature. However, the number, position and ratio of different types of papillae gradually changes to adopt different functions (7, 8) . The results of the present study also indicated that tongue muscle fibers became larger, mature and stronger during development from newborn to adult mice. The foliate and fungiform papillae also became mature, but the former gradually decreased from the newborn to the adult stage, which may have been for the purpose of acquiring a gustation function as well as adapting to oral functions such as vocalization and eating.
Numerous factors, including trauma, myophagism and tumors, may lead to tongue defects. The implementation of various flaps, such as the forearm flap, are the major repair methods for tongue defects (9) . However, these methods are not able to repair the tongue muscle and gustation function. Thus, intensive research into tongue development may offer useful clues for the development of novel tongue regeneration strategies based on tissue engineering and stem cell therapy. Previous studies have indicated that muscle regeneration after injury exhibits similarities to muscle development, and that quiescent myogenic cells, also called satellite cells, which are situated beneath the basal lamina that surrounds each myofiber, were activated to proliferate, differentiate and fuse to form multinucleated myofibers (10) (11) (12) . Other types of non-muscle stem cells may also participate in this process. The results of the present study indicated that C-kit, a marker of mesenchymal progenitor cells (13, 14) , and Ki-67, a marker of cell proliferation (15) , were expressed in muscle cells, foliate papilla cells and fungiform papilla cells from mouse tongues from newborn to adult stages. It was implied that precursor cells may exist among tongue muscle and papilla cells that express c-kit to promote tongue muscle and papilla cell development or maintain the homeostasis and functional adaptation of the tongue. These findings also offered certain clues regarding c-kit being a potential target for tongue regeneration, self-repair or treatments for tongue diseases with a postnatal onset. In addition, the expression profile of Ki-67 suggests that cell proliferation was increased at P6 and P15, indicating that taste bud development may be promoted during this stage.
The mechanisms underlying myogenesis in vertebrate organisms have been extensively investigated, and numerous factors, including interleukin (IL)-4, IL-6, MyoD, Myf5, Pax3 and Pax-7, have important roles in muscle development and tongue muscle satellite cell activity (16) (17) (18) . However, the exact molecular mechanisms of muscle remodeling have remained elusive. During the development of muscle, the Msx family of transcription factors also has crucial roles. A previous study has indicated that Msx1 and histone H1b cooperate to inhibit muscle differentiation in cell culture and in Xenopus ectodermal explants (19) . Overexpression of LIM homeobox 2 (Lhx2) completely inhibited the myotube-forming capacity of C2C12 cells and primary myoblasts, and the muscle dedifferentiation factors Msx1 and Msx2 were strongly induced by the Lhx2 overexpression or inhibited by decreased Lhx2 expression (20) . The results of the present study indicated that Msx2 was highly expressed in tongue muscle cells during postnatal development, but almost no expression was detected in papilla cells. These results implied that Msx2 may have an important role in the postnatal development of tongue muscles, and may also be a marker for tongue muscle regeneration and self-repair or for tongue muscle diseases with a postnatal onset.
In conclusion, the present study indicated that muscle fibers of mouse tongues became larger, mature and stronger, and the foliate and fungiform papillae also became mature during development from newborn to adult. C-kit was dynamically expressed in muscle cells as well as in foliate and fungiform papilla cells from newborn to adult stages, suggesting that the number of c-kit-expressing cells increased to promote tongue development at the early postnatal stage and to maintain homeostasis and functional adaptation of the tongue in the adult stage. Ki-67 was also dynamically expressed in muscle cells, as well as in foliate and fungiform papilla cells, from newborn to adult stages, with high expression l at P6 and P15, which suggests increased cell proliferation at this stage In addition, Msx2 was also dynamically expressed in postnatal tongue muscle cells, but almost no expression was detected in papilla cells. These results implied the presence of precursor cells among tongue muscle and papilla cells, and Msx2 may have an important role in postnatal tongue muscle development. The present study also suggests that c-kit and Msx2 may be cell markers for postnatal tongue regeneration and self-repair, and may provide an approach for developing treatment methods for tongue diseases with a postnatal onset.
